Conventional benchmarking measures focus mainly on water produced whilst ignoring water produced but not reaching consumers, unaccounted for water (UFW). Benchmarking must credit utilities for a reduction in UFW and improvements in service delivery. This study measures the performance of 20 urban water utilities using data from an Asian Development Bank survey of Indian water utilities in 2005. It applies directional distance function as an analytical tool for measuring performance of water utilities. The results reveal that at the mean level, Indian water utilities have the potential of increasing water delivery levels and reducing UFW by 20%. About half of that can be realized by changing the scale of operation. Metering of the water delivered and the length of the distribution network are major determinants of performance of water utilities.
Introduction
By 2025, 50% of Indians will live in urban areas and face acute water problems (Planning Commission, 2002) . Water produced but not reaching consumers-unaccounted for water (UFW)-is one of the major reasons behind water shortages in developing countries, like India. UFW in some Indian cities is more than half of the total water produced 1 ; indeed, water loss in the cities of developing countries varies between 40-60% of the water supplied (Arlosoroff, 1999) . The reasons for prevailing water scarcity in many cities can be attributed not only to source limitation but also to poor efficiency in distribution networks. Inefficiency in the delivery of water services translates into negative health impacts and social unrest. The rationale behind measuring performance stems from the fact that doi: 10.2166/wp.2010.022 it can play an effective part in incentive mechanisms to improve the performance of the sector (Gupta et al., 2006) , hence the reason for examinng the level of performance of water utilities in the presence of UFW.
This study measures the performance of 20 urban water utilities using data from the Asian Development Bank (ADB) survey of Indian water utilities in (ADB, 2007 . The study recognizes that reduction in UFW requires additional resources. A directional output distance function is used as an analytical tool. The directional distance function seeks to simultaneously increase the billed water and reduce the UFW. We apply data envelopment analysis (DEA) to measure the performance of the utilities under variable returns to scale. Measuring performance under varying returns to scale helps in designing the optimal scale of operation and has implications for water pricing. We find that, at the mean level, the Indian water utilities have potential of increasing the water delivery level and reducing UFW by 20%. About half of that can be realized by changing the scale of operation. The results concerning returns to scale support the idea that water should be priced at marginal cost of supply. We find that the percentage of metered connections and length of distribution network are major determinants of performance for water utilities.
The paper is organized as follows: Section 2 reviews the relevant literature and discusses the empirical strategy followed in the present study; Section 3 describes the methodology and the estimation technique; Section 4 discusses the data and spells out the results derived from the study; and the final section draws conclusions.
Background and empirical strategy
Performance measurement establishes how effectively and efficiently a public utility delivers the required service. It accounts for both the quantitative and qualitative aspects of an agency's functioning. Moreover, it relates policy options and their outcomes.
There are many studies that measure the performance of water utilities in developed and developing countries. Empirical applications have been driven by the different concerns. Most of the studies have been conducted with the objective of examining the impact of ownership (public versus private) on the performance of water utilities. Studies have also been conducted to examine the effects of public regulations on utilities' performance, the extent of scale economies or the influence of operating environments on utilities' performance. Some of the recent studies include Cubbin (2005) , Kirkpatrick et al. (2006) and Mugisha (2007) . A common feature of all these studies is that they ignore UFW or any other quality dimension as a relevant dimension of the services provided by the water utilities.
Perhaps Saal & Parker (2000 , 2001 were the first studies to underscore the importance of quality in measuring the performance of water utilities. These studies incorporate the quality dimension by using quality-adjusted indices of output in measuring the performance of the water and sewerage industry in England and Wales. Consequently, some of the very recent studies have specifically focused on assessing the quality-adjusted performance of water utilities, including the studies by Lin (2005) , Saal & Parker (2006) , Saal et al. (2007) , Lin & Berg (2008) and Picazo-Tadeo et al. (2008) . Saal & Parker (2006) and Saal et al. (2007) observe that quantity-based measures fail to show any impact of privatization on productivity improvement, but find substantial impact on the productivity of the industry in terms of quality-adjusted estimates. Picazo-Tadeo et al. (2008) estimate the performance of Spanish water utilities and consider UFW as an indicator of quality; note that they consider UFW as an additional input which is weakly disposable, rather than as an undesirable output 2 . Lin (2005) and Lin & Berg (2008) consider quality dimensions as additional outputs, and find that including quality variables not only changes benchmarking results but also alters the ranking of utilities.
Despite the existing inefficiency concerns in the urban water supply situation in India, there is a surprising dearth of literature assessing the utilities' performance using total factor productivity (TFP) approaches. Most of the studies use partial productivity measurement methods to examine efficiency (see, for example, WSP, 2006; ADB, 2007) . WSP (2006) and ADB (2007) developed some performance indicators to measure efficiency of water supply systems in some select urban localities. WSP collected performance data for 13 utilities covering 23 cities and towns, whilst ADB collected data for 20 cities across India. The indicators chosen by both the studies are similar, such as investment, financial, billing and collection, quality, costs and staffing, network, metering, UFW, production/consumption, and coverage, amongst others. These studies apply a single measure gap analysis method to evaluate the cities in terms of their ability to supply water, and fail to reflect the true picture of performance of the utilities 3 . Gupta et al. (2006) is perhaps the first study in India to use the TFP approach in estimating the technical efficiency of 27 urban water utilities. The study applies an output-oriented DEA approach for estimating relative efficiency in the provision of urban water utilities for the year [2004] [2005] , and uses data from the City Development Plans (CDPs) prepared by the municipalities for getting financial assistance under the Jawaharlal Nehru National Urban Renewal Mission (JNNURM). It considers total water produced as a function of revenue expenditure and production capacity of a water plant, and ignores the efforts of water utilities directed towards the reduction in UFW.
Water utilities use different inputs such as labour, capital, energy and raw water to deliver water to urban residents. Given the production technology, utilities use different levels of inputs and outputs, and a utility appears to be inefficient if it uses more resources to produce a product than the 'best practice' utility does. Usually, in the measurement of performance, total water produced or water delivered is considered a function of available resources and the efforts of utilities made towards reducing UFW are ignored. When resources are directed at reducing UFW, rather than producing water, the output/input ratios of the utility are lower and the efficiency of the utility appears lower. An output efficiency measure, which is the amount by which outputs can be increased while maintaining the level of inputs, will label the utility as less inefficient than it would be in the absence of this diversion of resources. It is the presence of an unobserved constraint on the utility that causes the output efficiency measure to identify the output combination as technically suboptimal. We intend to measure the performance of Indian urban water utilities while accounting for their efforts made towards the reduction in UFW.
We use directional output distance functions to provide a framework for a more complete representation of the production technology of Indian urban water utilities. Directional distance function incorporates both delivered water and UFW for measuring 'how far' each utility's output vector is from the best practice frontier, for a given input vector. It seeks to enhance delivered water and reduces UFW. This approach recognizes that UFW is an undesirable output that is not freely disposable; rather, it is weakly disposable, that is, some productive resources have to be given up in order to reduce UFW.
Whilst a directional output distance function has yet to be used for measuring the efficiency of water utilities, studies measuring performance of firms producing marketed outputs alongside environmental pollution have been using it for some time 4 . In a similar way to water utilities, whose objective is to increase delivered water and reduce UFW, the objective of these firms is to increase the production of marketed outputs and reduce environmental pollutants, and the disposal of pollution is not free. The firms thus have to divert resources from the production of marketed outputs to the disposal of pollutants.
Methodology and estimation

Theoretical construct
Suppose that a water utility employs a vector of inputs x [ R 
The technology is modeled in alternative ways. The output is strongly (or freely) disposable if (x) . This implies that if an observed output vector is feasible, then any output vector smaller than that is also feasible, that is, a water utility can reduce the amount of UFW without employing any additional resources. This assumption excludes production processes that generate undesirable outputs that are costly to dispose. For example, concerns about UFW imply that it should not be considered to be freely disposable since utilities have to incur costs to reduce UFW. In such cases, UFW should be considered as being weakly (costly) disposable: (y, b) [ P(x) and 0 # u # 1 ) (uy, ub) [ P(x) . This implies that UFW is costly to reduce and reduction activities would typically divert resources away from the delivery of accounted for water, and thus lead to lower levels of UFW with given inputs. Figure 1 shows how P(x) is modeled for a technology that satisfies the assumptions of weak and strong disposability. The line segment cd is a feasible part of the technology under the assumption of strong disposability of UFW, since a movement from d to c would be possible without reducing accounted for water. The line segment ef represents the strong disposability of accounted for water while the segment de represents the best practice frontier which is a convex combination of observed mixes of accounted and unaccounted for water. Thus the output set bounded by the line segments 0cdef represents technology where there is strong disposability of UFW. If UFW is not freely disposable and resources have to be spent to reduce it, then any reduction in UFW below the level observed at d requires either a reduction in the accounted for water or an increase in the use of inputs if accounted for water is not to be reduced. Both possibilities are costly; hence disposal is not free. The output set is now represented by 0adef.
A functional representation of the technology is provided by the directional output distance function, which also provides a measure of inefficiency. The directional distance function seeks to increase accounted for water whilst simultaneously reduces UFW. Formally, the directional distance function 5 is defined as:
where g is the vector of directions in which outputs can be scaled. Following Chung et al. (1997) , the direction taken is g ¼ (y, 2 b), such that as the UFW decreases the accounted for water increases. Figure 1 shows the directional output distance function for the direction vector g ¼ (y, 2 b). A utility n, with output coordinates (y, b) produces inside the output set P(x) w . If it were to operate efficiently given the direction vector, g (represented by the ray 0g (see Figure 1) ), it could increase accounted for water (y) and decrease UFW (b) to be at the boundary of P(x) w at point a, under weak disposability conditions. Under strong disposability conditions, it could expand y and contract b to be at point k on the boundary of P (x) s .
Efficiency in the reduction of UFW (EUFW)
We assume that the directional output distance function is separable in accounted for and unaccounted for water, following Kumar & Khanna (2009) :
where
Unaccounted for water
Accounted for water The set T _ is a technology set restricted to the production of accounted for water. It is the technological set that is conventionally followed which considers only billed water and ignores UFW. This assumption helps us in breaking down technical inefficiency into the factors that reflect the influence of 'pure' technical inefficiency, D _ t o ðy t ; x t Þ (the conventional measure of technical inefficiency that takes into account only billed water and conventional factors of production) and the effect of UFW, B(b t ). EUFW is defined as:
EUFW values range between 0 and 1. It represents the extent to which a utility would be constrained in increasing accounted for water by its potential to transfer its production process from free disposability to costly disposability of UFW. Utilities that are less constrained have a lower opportunity cost of transfer in the production process and are considered to be more efficient in reducing UFW. That is, if a utility can produce the same level of accounted for water with the given inputs under a different disposability assumption, it implies that the utility is not constrained by the weak disposability of UFW and is termed as efficient in reducing UFW, thus higher values of EUFW indicate higher performance in reducing UFW. This measure takes a value equal to one only for those utilities which are on the segments de and ef or for those utilities whose expansion falls on these segments (Figure 1 ). Moreover, de and ef are common to both technologies with different assumptions on the disposability of UFW. For utilities that lie on these segments, the cost of transforming the production process from strong disposability of UFW to weak disposability would be zero. For utilities which are located along the line segment 0ad, or in the interior part of the weakly disposable output set, the EUFW index will assume values less than one, indicating that there is an opportunity cost of transforming the production process from strong disposability to weak disposability of UFW.
Estimation procedure
The distance function can be computed in various ways, but three are of particular interest: parametric linear programming (PLP) (e.g. Färe et al., 2005) ; data envelopment analysis (DEA) (e.g. Kumar, 2006) ; and econometric methods (e.g. Mugisha, 2007) . There are two essential differences between the econometric approach and mathematical programming methods. The econometric approach is stochastic and attempts to distinguish the effects of noise from the effects of inefficiency. Mathematical programming (parametric or non-parametric) is non-stochastic and lumps noise and inefficiency together. The parametric approaches confound the effects of mis-specification of functional form (of both technology and inefficiency) with inefficiency. The DEA approach is non-parametric and less prone to this type of specification error.
We apply DEA to compute the directional distance functions. The DEA technique neither requires specification of the error term nor the distributional form of the error term; of course, the major disadvantage of this approach is that it does not accommodate the effects of data noise, while econometric techniques do so. DEA basically erects a production frontier consisting of the most relatively technically efficient utilities in the sample. This process generates the technical inefficiency measures for each unit in the sample by comparing observed values (the particular data point) to optimal values (best performing value) of outputs and inputs. The score of zero represent the best performing unit in the sample, and a score of more than that implies that the unit or the service is not performing as well as its efficient peers. A rather interesting implication of DEA score is that it also says how much more output could have been produced if the given service could somehow emulate the production process of the efficient one, i.e. the one operating at the frontier of the production technology.
DEA uses the linear programming (LP) method to construct a piecewise linear envelopment frontier over the data points such that all observed points lie on or below the frontier. Thus, the directional distance function, a measure of technical inefficiency, for observation k 0 can be calculated by solving the following LP problem:
where M is the number of desired outputs, in our case it is accounted for water, I is the number of undesired outputs, in our case it is UFW, N is the number of inputs employed, and K is the number of water utilities. (z 1 , . . . , z k ) are intensity variables, which show the intensity with which each utility is used in order to construct the frontier of the production possibilities set. b is the value of direction output distance function (inefficiency) and notation s.t. stands for subject to. In the formulation of Equation (5), by restricting z k $ 0, we impose the condition of constant returns to scale (CRS). In the DEA, various kinds of returns to scale on reference technology can be modeled by changing the restrictions on the intensity variables. For example if P K k¼1 z k # 1, then the technology satisfies the non-increasing returns to scale (NIRS) and if the sum of intensity variable is restricted to be exactly equal to one, we can model variable returns to scale (VRS) which allows increasing, constant and decreasing returns to scale.
Technical inefficiency under CRS is the product of scale inefficiency and pure technical inefficiency. A water utility is operating under the condition of optimal returns to scale if technical efficiency under CRS and VRS scenarios are equal, otherwise it is scale inefficient. Deviations from scale efficiency are essentially deviations from CRS and therefore can be due to operating at a point of increasing or decreasing returns to scale. If the technical efficiency under CRS is not equal to the efficiency under VRS but the efficiency score under VRS and NRS are equal then the utility is operating under decreasing returns to scale (DRS). Finally, if the efficiency scores are equal under CRS and NIRS but less than VRS then the utility is operating in the range of increasing returns to scale (IRS) (Grosskopf, 1986) .
Data and results
Data
The principal source of data for the study is the Asian Development Bank's 2007 Benchmarking and Data Book of Water Utilities in India (ADB, 2007) . ADB (2007) provides information from water utilities in 20 JNNURM cities and is based largely on 2005-2006 data. The cities covered in the ADB study are: Ahmadabad, Amritsar, Bangalore, Bhopal, Chandigarh, Chennai, Coimbatore, Indore, Jabalpur, Jamshedpur, Kolkata, Mathura, Mumbai, Nagpur, Nasik, Rajkot, Surat, Varanasi, Vijayawada, and Visakhapatnam.
As already described, we have treated water utilities as production units. Utilities produce accounted for and unaccounted for water using a vector of inputs. The choice of input vector is based on the availability of data. We decided on two inputs: O&M expenditure incurred in the year (as a proxy for variable inputs) and the sum of capital expenditure incurred in the last five years (as a proxy for capital stock). Using capital expenditure of last five years as proxy for the capital stock is a very strong assumption, but given the data limitations there is no other better choice available. (e.g. storage capacity of the utilities may be considered as another indicator but the utilization of storage capacity itself reflects on the efficiency of the utility concerned, and depends on the resources available). Thus, for estimating the technical efficiency of the utilities, it is assumed that the utilities are producing accounted for and unaccounted for water using two inputs: O&M expenditure and capital stock. The descriptive statistics of the variables used is provided in Table 1 .
Note that ADB (2007) provides data for UFW for only 16 cities of the 20 cities; it is not available for four cities, namely, Ahmadabad, Bhopal, Indore and Mathura. However, data is available for the annual billing amount and the average tariff for all the cities. For these four cities, UFW is therefore assumed to be equal to total produced water minus the quantity billed.
Efficiency estimates
Remember that the directional output distance function is a measure of technical inefficiency. Following convention, we deducted the value of the directional distance function from one, and the estimates of technical efficiency of water utilities are presented in Table 2 . Table 2 shows the estimates of technical efficiency under strong (free) disposability of UFW, weak (costly) disposability of UFW, and EUFW under constant returns to scale, variable returns to scale (pure technical efficiency) and scale efficiency.
Column 1 of Table 2 shows the efficiency estimates that are computed ignoring the production of UFW. In the sample cities, it is found that Ahmadabad, Bhopal, Jabalpur and Varanasi are not only operating at the frontier but are also using the optimal scale of production. The water utilities of the cities of Jamshedpur, Mathura and Mumbai are technically efficient but they are not using the optimal scale of production. Mathura is operating under IRS and Mumbai and Jamshedpur are over-utilizing their production plants (Table 3) . On the other hand, the water utilities of Bangalore are least efficient (0.37) followed by Indore (0.39) and Chennai (0.46) under CRS. On average, Indian water utilities deliver about 70% of their potential if they were operating at optimal scale. The breakdown of technical efficiency shows that about 13% inefficiency is due to scale inefficiency and another 20% is pure technical inefficiency. Considering that the disposal of UFW requires resources, the estimates of technical efficiency are presented in column 2 of Table 2 . It can be seen that the overall average and individual efficiency estimates under various returns to scale are higher than the situation when the disposal of UFW is assumed to be free, revealing that the potential to increase delivered water is lower. It shows that the utilities have to direct resources for reducing UFW and, as a result, their potential to increase the quantity of accounted for water is reduced. Under weak disposability of UFW, the potential to increase accounted for water and decrease UFW is about 21%. The breakdown of efficiency estimates shows that pure technical inefficiency is about 10% and the remaining inefficiency is due to choice of suboptimal scale of operation. Seven utilities are operating at the production frontier under weak disposability condition, as opposed to four utilities under the strong disposability condition. Twelve utilities are inefficient due only to the sub-optimal level of operation, though they are efficient in terms of pure technical efficiency.
The estimates of EUFW are presented in the third column of Table 2 . Utilities with efficiency scores that differ under the assumption of weak disposability and strong disposability of UFW suffer congestion from UFW, i.e. if these utilities were to reduce UFW they would have to either sacrifice their delivered water or need more resources. Once this inefficiency is translated into loss of desirable output, the results indicate that, on average, the utilities have to lose about 11% of their desired output due to congestion of production technology. The breakdown reveals that about 8% loss is due to sub-optimal choice of reduction technology and about 5% loss is due to pure technical inefficiency.
Returns to scale estimates
Remember that technical efficiency is broken down into scale efficiency and pure technical efficiency. Table 3 reveals the operating scale of different water utilities under different scenarios. The scale efficiency results indicate that four and seven of the utilities are operating at the optimal scale under strong and weak disposability conditions, respectively. The remaining utilities are operating under either increasing or decreasing returns to scale. About 20-25% of sample units are operating under IRS and all the remaining water utilities are operating under DRS. The utilities that are operating under IRS are generally the utilities of relatively small cities. These results have implications for urban domestic water pricing. In the public utility pricing literature it is assumed that the utilities are operating under IRS and the marginal cost-pricing rule that ensures economic efficiency is not applied since the full cost is not recovered. These results support the idea that to get efficiency in the operation of water utilities, the water should be priced according to the marginal cost of supply of the water 6 .
Determinants of technical efficiency
One other issue of concern is determining the factors underlying the changes in the various measures of efficiency. It is expected that specific attributes of an individual utility contribute to its performance. Therefore, to further aid an understanding of the results discussed above we regressed various measures of efficiency on the utilities' specific variables, such as length of distribution network, water storage capacity, number of labourers per connection, percentage connections metered, source of water (percentage of surface water), and the nature of ownership and whether there is some degree of privatization in its operation. This may not be a full list of variables to explain the variation in technical efficiency across utilities, but it should help in understanding the systematic causes of variation in the efficiency of water providers. Using the Tobit model, following Kumar & Khanna (2009) , which recognizes the censored nature of the dependent variable, we examined the relationship between efficiency indexes and their determinants.
Technical efficiency of a water utility may depend on the size of its operation and available resources. Length of distribution network (length) can be used as a measure of size of operation (Bhattacharyya et al., 1995) . Network length also determines the operating costs of a utility. Utilities having larger networks are supposed to bear higher operating costs and depreciations. UFW is supposed to be higher for utilities having larger networks, since leakages and energy costs depend on distance for pumping (Lin & Berg, 2008) . Therefore, it can be hypothesized that the level of efficiency would be lower in the utilities having larger distribution networks. Storage capacity and labourers per connection may be used as proxies for the availability of resources.
Metering is an important instrument that helps utilities to improve their performance (ADB, 2007) . Metering makes consumers conservation conscious, and utilities performance conscious. It makes the utilities attentive of leaks for early repair and helps them to plan for an efficient water delivery system. It also induces utilities to process the water consumption information to improve water use efficiency (Bhattacharyya et al., 1995) . Therefore, it is hypothesized that the higher the level of water connection metering in a utility, the higher will be the level of efficiency. Connection metering is measured as the ratio of the number of metered connections to total connections (PMC).
Type of ownership and its implications for the performance of water utilities has been a classic issue of debate. It is hypothesized that private operators are better at managing in comparison to their public counterparts (Crain & Zardkoohi, 1978; Estache & Kouassi, 2002) . Empirical results are mixed in nature. Though privatization in its pure form is yet to see the light of the day in urban water provision in India, some of the sample utilities have involved the private sector through sourcing out some of their functions in the form of service contracts or management contacts. Only the Jamshedpur water utility is a pure private company, whilst the other utilities are run either by municipal council or corporations or city governments. In the regression analysis, we used a dummy variable to account for the influence of privatization on efficiency. The dummy variable (Private) is assumed to be equal to one if the utility has introduced some degree of privatization in either form, and zero otherwise.
The water delivery cost and technology is linked to the source of water (Bhattacharyya et al., 1995) . Water utilities that depend on groundwater sources require investments not only for pumping out and carrying water to destinations, but also require frequent maintenance. Therefore, it is hypothesized that the utilities depending more on surface water will have higher technical efficiency. In the regression analysis, we used the percentage of water received from surface water sources (Surface) as one of the determinants of performance.
We analyzed the determinants of utilities' performance under various disposability conditions, and performance (efficiency) in the reduction in UFW (EUFW) under CRS and VRS scenarios (Table 4) . We find that the length of distribution network is a major determinant of a utility's performance either if it is measured in a conventional way or by assuming costly disposal of UFW. Length of distribution network is also a significant determinant in the efficiency in reducing UFW. The relationship between the variable, length and the various measures of performance is negative and statistically significant. It supports the hypothesis that utilizes having larger network are inefficient relative to smaller utilities. The variable, PMC, is of special significance. We find that its coefficient is negative and statically insignificant for the conventional measures of technical efficiency, but it becomes positive for the efficiency measure that account for the efforts diverted towards the reduction in UFW and efficiency in the reduction in UFW. It is statistically significant at the 10% level, implying that metering is an important variable that helps in improving the performance of water utilities. This finding corroborates the ADB (2007) finding that "for Indian water utilities, this is perhaps the single most important area requiring improvement". Table 5 shows that, in the sample utilities, the average level of metering is about 25%. Only in Coimbatore are all the water connections metered. In Bangalore, Chandigarh, Mumbai and Nasik, more than 75% of water connections are metered. In Nagpur, 40% of connections are metered. In the remaining utilities, the number of connections metered in less than 10%. In some utilities such as Bhopal, Jabalpur, Mathura and Varanasi, the percentage of connections metered is, in effect, zero.
The sign of the dummy variable Private is positive in most of the regressions, but it is statistically insignificant. As mentioned, only Jamshedpur is a pure privately-owned and operated water utility. This utility is technically efficient when measured under the condition of VRS though it has some degree of scale inefficiency. In the other utilities, ownership is public but operation (to varying degrees) is privatized; this may be the reason that we cannot get any clear result with respect to this variable. Similarly, the coefficient of Surface is positive and statistically insignificant. The sign of the coefficient supports the hypothesis, but it may be ambiguous as energy prices in India are regulated.
Conclusions
Water is a scarce natural resource and inefficiencies in the water sector translate into negative health impacts and social unrest. In some Indian cities, UFW is more than half of the water produced. Reduction in UFW requires additional resources; therefore, benchmarking must credit utilities for reduction in UFW and improvements in service delivery.
Using data from the 2007 Benchmarking and Data Book of Water Utilities in India for 20 Indian urban water utilities, the study evaluated utility performance considering that reduction in UFW is costly. It applied directional output distance function as an analytical tool for measuring technical inefficiencies of the utilities. Directional output distance function simultaneously seeks to expand the quantity of accounted for water and reduce the quantities of unaccounted for water. It utilizes the non-parametric DEA model for estimation. Estimates of technical efficiency are further broken down into pure technical efficiency and scale efficiency to know the source of inefficiency. The results exhibit that, at the mean level, Indian water utilities have potential for increasing water delivery levels and reducing UFW by 20%. About half of that potential can be realized by changing the scale of operation, since most of the water utilities are operating either under increasing or decreasing returns to scale. Moreover, the results also have implications for urban domestic water pricing. Most of the utilities are operating either at constant or decreasing returns to scale, implying that water should be priced at marginal cost of supply. The regression results reveal that length of distribution network and percentage of water connection metered are major determinants of performance of water utilities. The study observed that metering is an important variable that helps in improving the performance of water utilities.
The estimates of utilities performance obtained using free and costly disposal of UFW could be of certain usefulness for policy makers and utilities' management. Given the context of a developing country where water shortages cause significant negative health outcomes, the estimates obtained by this study might have some interest from a social perspective. Achieving a better understanding of the cost of reducing UFW should help improve the management of utilities. The results might also be of some usefulness to local public representatives, as there are talks of reforming urban civic amenities in India, either through privatization of water utilities or some combination of public and private management of these services. The results could also be useful for regulators, as there are talks of introducing independent regulators in the water sector at state level (Maharashtra has already introduced a regulator for the water sector). Performance measures adjusted for UFW can provide useful information to regulators about the Q (quality) factor in the quality-dependent price cap regulation (i.e. CPI-X þ Q, where CPI is the consumer price index and X is the productivity offset). Furthermore, given the fact that water is a scarce natural resource, and that there is scarcity of resources at the level of municipalities, identifying utilities that are employing better management practices also has a certain interest for society as a whole.
Note that the efficiency estimates presented here are sensitive to size of sample, selection of utilities, model specification and estimation. However, this caution does not preclude the application of thoughtful models, and the type of model presented here could serve as a catalyst for designing incentive-based performance-improving public policies. Future research needs addressing dynamic productivity changes, while accounting for the costly disposal of UFW, and relating the changes to the utility specific characteristics and policy variables so that policy lessons can be learned. As more data become available, and additional studies are conducted, we shall obtain better understanding.
